A simplified identification key described by Deak and Beuchat (T. Deak and L. R. Beuchat, J. Food Prot. 50:243-264, 1987) and the computer method of Barnett et al.
Since the importance of yeasts in the production and spoilage of food materials is increasing rapidly, identification procedures are needed to determine product quality. The most important identification systems now available vary mainly in their theoretical approaches. Identification keys described by Kreger-van Rij (10, 11) rely on numerous characteristics of vegetative and sexual reproduction and include as few physiological and biochemical criteria as necessary. The system of Barnett et al. (1) requires a D-glucose fermentation test before identification. For both groups of fermenting and nonfermenting species, keys have been elaborated on by applying physiological or physiological and reproduction characteristics, respectively. In addition, special keys have been established for a limited number of species associated with certain food materials, e.g., soft drinks (1) . These schemes, which are all dichotomic in nature, require test results to be defined as positive or negative.
The commercially available computer program of Barnett et al. ( 2) (BCP), which has a data base of 497 species, enables the analyst to choose any one of 97 physiological, biochemical, morphological, or reproductive tests. The BCP identification routine compares the results of the chosen tests with the data sets of the data base and provides a list of all species which can give the specified results. Any reaction denoted as slow, weak, uncertain, or delayed in the standard description of a species (1) is treated as variable (both positive and negative) by the BCP, thus minimizing the risk of misinterpreting the test results. When a description is entered as D-glucose fermentation negative, for example, the identification routine lists all species except those definitely described as D-glucose fermentation positive. For routine diagnosis, simplified identification methods have been introduced. Commercial systems such as API 20C or API 20C Aux, mainly developed for clinical purposes, have been found unsatisfactory for the identification of food-borne yeasts (3, 5) .
Deak and Beuchat (4) proposed a simplified identification key (SIK) limited to 215 yeast species described as associated with foods. By the procedure described by Gower and Barnett (7), they evaluated the efficiency of various fermen-tation and assimilation tests to divide the yeasts of their data base into two almost equal groups of positive and negative respondents. Deak and Beuchat (4) proposed seven basic tests (fermentation of D-glucose; assimilations of cellobiose, D-galactose, maltose, nitrate, and raffinose; and splitting of urea), which they named masterkey (MK) reactions. Results from four MK tests are used to assign a yeast to one (or, if any reaction is denoted variable, more) of 16 subgroups (SGRs) (Fig. 1) . SGR sizes range from 6 to 31 species. Depending on SGR size, a number of selected additional tests (7 to 8 at maximum) must be performed. To identify the species included in SGR 10, for example, six tests must be carried out in addition to the seven basic MK reactions (Fig.  1) .
The primary purpose of our investigation was to compare the SIK results with the BCP identification results by using reference strains and yeasts isolated from cultured milk products. Since SIK reliability was found to be poor, we reevaluated its theoretical approach to verify the sources of disagreement. (8) . All strains were maintained on yeast extract-malt extract agar (18) .
MATERIALS AND METHODS
Strain characterization. The yeast strains were characterized as described by van Starting with the results of the maltose assimilation test as described by Deak and Beuchat (4), strains were assigned to any of the 16 SIK subgroups ( Fig. 1 ) and identified by means of the SIK SGR keys. Some of the required criteria of morphological and sexual reproduction (e.g., cell size or number of ascospores per ascus) were not performed. To complete SIK identification, however, we referred to the work of Kreger-van Rij (9) in which the genera in question are discussed.
Reevaluation of the SIK. To verify the assignment of the species to the SIK SGRs proposed by Deak and Beuchat (4), the four MK reactions responsible for grouping were entered into the BCP (2). In the case of SGR 10, maltose assimilation is negative, D-galactose and cellobiose assimilation are positive, and urea hydrolysis is negative (Fig. 1) . The BCP provides a list of species characterized by this specific 10 (Fig. 1) .
Agreement of the BCP and SIK identification methods was observed in only 11 of 26 species isolated from cultured milk products (Table 2) . SIK identification was found to be incorrect for four species. Hanseniaspora uvarum (BCP), e.g., was identified as Hanseniaspora occidentalis (SIK) because of its growth variability at 30°C (1), a characteristic not accounted for within the SGR 13 key. Since the maltose assimilation variability of Rhodotorula minuta (2, 6) (12) (Fig. 2) .
Ninety-two isolates of D. hansenii, however, had to be assigned to SGRs 1 and 2 and were therefore misidentified by the Deak and Beuchat (4) Deak and Beuchat (4) . The number of isolates is given in brackets. The abbreviations of the tests are as defined in Table 2 , footnote a.
was reevaluated. This process of reevaluation is illustrated by SIK SGR 10 (Table 3) . Any species included in this SGR must assimilate cellobiose and D-galactose, must not assimilate maltose, and must not hydrolyze urea (Fig. 1) . Of the 10 species assigned to SGR 10 by Deak and Beuchat (4), only Brettanomyces abstinens, C. cacaoi, Candida wickerhamii, G. fermentans, and Pachysolen tannophilus were classified correctly. Since variable reactions have not been taken into account, the other species fail to appear in at least one SGR. Brettanomyces claussenii, e.g., is described as variable for cellobiose, D-galactose, and maltose assimilation (1), whereas Deak and Beuchat (4) assumed it to be positive, positive, and negative, respectively. Confirmed by the BCP after each of the 16 MK pathways was entered, B. claussenji fails to appear in eight SGRs (Table 3) . Consequently, any strain of the SGR 10 species with MK reactions differing from the pattern assumed by Deak and Beuchat (4) will obviously be identified incorrectly. A ceilobiose assimilation-negative strain of B. claussenii, e.g., must be assigned to SGR 11 ( Fig. 1 ) and will be identified as Candida magnoliae (14) .
Monitoring the MK reactions with the BCP, we found six species incorrectly absent from SGR 10 ( Table 3 ). The D-galactose assimilation variability of Candida santamariae (1, 14) assigned to SGR 13, e.g., has not been taken into account (4) . Any strain of these six species characterized by Table 4 outlines SIK reliability on the SGR level. Of the SGR 10 species, C. cacaoi, G. fermentans, Pachysolen tannophilus, and P. farinosa may be identified correctly. Because variable reactions were not taken into account, the SGR key fails in six species. Deak and Beuchat (4) assumed, e.g., that B. claussenii assimilates nitrate. This species, however, is described as positive-negative and positive-slow by Barnett et al. (1) and van der Walt (16), respectively. Consequently, a nitrate assimilation-negative strain of B. claussenii will be misidentified as C. gropengiesseri (Fig. 1) . In addition, when both MK and SGR reactions of each SGR 10 species were entered into the BCP, in some cases the output list also contained species not included in SGR 10. For example, the SIK uses eight tests (i.e., four MK and four SGR key tests) to identify B. abstinens (Table 4) . When the appropriate test results assumed by Deak and Beuchat (4) are entered, the BCP lists four additional species out of the SIK data base (B. claussenii, C. magnoliae, Dekkera anomala, and Dekkera intermedia).
After a thorough check of all 16 subgroups, we found that only 19 species in the SIK data base may be identified unmistakably by the simplified method (4) . In all other cases, results may be false because variability was disregarded in the theoretical approach of the SIK or uncertain because of the nature of the required test. For example, methods dealing with modes of sexual reproduction (number and shape of ascospores formed and conjugating cells) seem to be unsatisfactory for a simplified identification procedure since they are time consuming and require some experience (18) . The variability of sexual reproduction characteristics not considered by Deak and Beuchat (4) is likely to lead to further errors. Torulaspora delbrueckii, e.g., described as "Conjugation between a cell and its bud usually precedes the formation of asci .... Cells with protuberances which may resemble conjugation tubes are also formed" (19) is identified in SIK SGRs 2, 7, and 8 only in its conjugating cells-negative form. Within the SGR 14 key, however, T. delbrueckii will be found in the case of conjugating cells positive. Only in SGR 11 is this reaction treated as both positive and negative. Additionally, distinguishing criteria related to cell size are also problematic to establish in terms of positivity or negativity, since different strains of a species (e.g., S. cerevisiae [18] ) are liable to variation.
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